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METHOD AND APPARATUS FOR TESTING A TRANSFORMER 



REFERENCE TO RELATED APPLICATIONS 



This application claims priority to European 
5 Patent Application No. EP02020424 . 4 , filed September 
11, 2002, the entirety of which is hereby incorporated 
by reference. 

1. Field o£ the Invention 

10 

The present invention relates to a method and to a 
correspondingly constructed test device for testing a 
transformer. In particular, the present invention is 
suitable for testing instrument transformers, and 
15 especially for testing current transformers. 



2 . Background 



According to the lEC 60044-6 Standard, the following 
20 requirements must be tested in instrument transformers: 



1. Turns ratio error 

2. Ratio error and phase angle error in the steady 
state 

25 3. Winding resistance of the secondary winding 

4. Magnetization characteristics 

5 . Remanence factor 

6. Time constant of the secondary circuit 

7. Errors in boundary conditions 

30 8. Verification of the design for low leakage flux 



Test instruments which have been on the market to date 
use an variable transformer (Variac) connected directly 
to the low-voltage mains, which generates a sinusoidal 
35 signal at mains frequency as the test signal for the 
instrument transformer to be tested in each case. These 
conventional devices can be used for generating on the 
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secondary side of the instrument transformer voltages 
and currents which also occur in nominal operation. To 
test most of the conventional instrument transformers, 
therefore, these test instruments must have a signal 
5 source with an apparent power of up to 5 kW. For some 
instrument transformers, voltages of up to 4 kV are 
needed and others need currents of up to 5 A. The test 
instruments on the market are, therefore, either very 
heavy due to their high output power or they can only 
10 test instrument transformers with low apparent powers 
so that they can only be used to a limited extent. 

Although the lEC 60044-6 Standard describes test 
methods in which test signals with reduced test 

15 frequency or test voltage are used for testing the 
respective instrument transformer, these test methods 
are very inaccurate overall since the altered behavior 
of instrument transformers during an operation 
deviating from the nominal or mains frequency is not 

2 0 taken into consideration. 

This problem relates not only to the testing of 
instrument transformers (current or voltage 
transformers) but generally to the testing of all 
25 transformers. 

DETAILED DESCRIPTION 

The present method and system provides a method for 
30 testing a transformer, particularly an instrument 
transformer, especially a current transformer, and a 
correspondingly constructed test device, by means of 
which the aforementioned problems can be eliminated so 
that a reliable test of the transformer is possible 
35 even when a signal source with relatively low output 
power is used for generating the test signal. 
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For testing a transformer according to the method, 
particularly an instrument transformer, in order to 
measure a number of frequency-dependent parameters of 
the transformer, it is possible to apply a test signal 
with a frequency that is lower than the nominal or 
operating frequency of the transformer. From the 
parameters measured by means of this test signal, a 
simulation model is derived which enables the behavior 
of the transformer at different frequencies to be 
simulated. Using this simulation model, or using the 
parameters measured by means of the test signal, it is 
then possible to infer the behavior of the transformer 
during operation with a frequency deviating from the 
frequency of the test signal, particularly the behavior 
of the transformer during operation at its nominal 
frequency. 

The simulation model, which is determined with the aid 
of the test signal, takes into consideration frequency- 
20 and/or voltage -dependent parameters of the transformer, 
particularly the main inductance, hysteresis losses, 
eddy current losses and the resistance of the secondary 
winding of the transformer. For this purpose, the test 
signal is in each case fed into the secondary of the 
25 transformer to be tested and the parameters of the 
transformer which then occur are measured on the 
secondary side. Thus, for example, it is possible to 
measure the resistance of the secondary winding by 
feeding a direct current test signal into the secondary 
3 0 of the transformer and then measuring the voltage which 
can then be picked up across the connecting terminals 
on the secondary in order to determine the resistance 
of the secondary winding. The eddy current losses of 
the transformer can be measured by a number of 
35 measurements with identical magnetic flux but with 
different frequencies in each case, particularly with 
two different frequencies, and the power dissipation 
can then be determined in each case from the 
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instantaneous current and voltage values at the 
secondary of the transformer. The power dissipation 
obtained in this manner can be split into the 
hysteresis losses and the eddy current losses of the 
5 transformer. To determine the hysteresis losses of the 
transformer, the magnetization or hysteresis curve of 
the transformer can be measured using a periodic test 
signal applied to the secondary of the transformer in 
order to determine from the resultant voltage and 

10 current values and the eddy current losses determined 
in the aforementioned manner the voltage and current 
variation on the main inductance of the transformer. 
Using a controllable signal source makes it possible to 
calculate automatically in the same test run the 

15 winding resistance and the current/voltage transfer 
characteristic and the hysteresis curve for an 
arbitrary frequency and an arbitrary signal shape. 

From the aforementioned parameters of the transformer, 
20 the simulation model is determined with the aid of 
which the current and voltage variation at the 
connecting terminals of the transformer can be derived 
at an arbitrary operating frequency and with an 
arbitrary load, i.e., the simulation model can be used 
25 for simulating the transfer characteristic of the 
instrument transformer even at high frequencies or 
harmonics . 

The present invention may be used for testing 
30 instrument transforaers, particularly current 
transformers. Naturally, however, the present invention 
is not restricted to this preferred field of 
application but can be used generally for testing any 
transformers . 

35 

When using the method, it is not necessary to use a 
test signal of a particular frequency or of a 
particular voltage for reliably testing the 
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transformer. Instead, a test signal with variable 
frequency and variable voltage may be used. 
Accordingly, the method does not require the use of an 
efficient sinusoidal voltage source with high output 
5 power for generating the test signal; instead, it is 
possible to test virtually any transformer or 
instrument transformer with a low-power signal source, 
particularly with a very weak signal source. The test 
is not performed at the nominal frequency of the 

10 transformer but with a test signal having a lower 
frequency than the nominal frequency of the 
transformer. In addition, the voltage of the test 
signal can be distinctly lower than the test voltage of 
conventional test instruments. Thus, in particular, a 

15 test signal can be used, the voltage of which is much 
lower than the voltage value which would be necessary 
for measuring the so-called knee point of the 
transformer at the nominal frequency of the 
transformer. In particular, the test signal is of such 

20 a nature that it produces the same magnetic flux as a 
test signal with the nominal frequency of the 
transformer in the magnetic core of the transformer. 

Thus, all existing transformers or instrument 
25 transformers can be reliably tested with the aid of the 
present method and apparatus. The measurements proposed 
herein and consequently known model parameters can be 
used for measuring a multiplicity of different 
quantities, wherein it is possible to measure or 
30 calculate, among other things, the turns ratio error, 
the ratio error and phase angle error (phase 
displacement) in the steady state, the composite error, 
the remanence factor and the error at boundary 
conditions . 

35 

The test instrument used can be constructed to be of 
very light weight, particularly in the form of a 
portable instrument, due to its very low output power. 
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Since only a low power output needs to be produced and 
because the transformer can be tested with a 
non-sinusoidal test signal, the manufacturing costs 
associated with the test instrument are also very low. 
5 In principle, it is cheaper to generate a square-wave 
test signal than a sinusoidal test signal. The test of 
the respective transformer may be automated so that 
reproducible test results can be achieved. Since the 
measured simulation model of the transformer is used in 

10 the process, the behavior of the transformer can be 
simulated under different loading without requiring a 
high-power signal source. By calculating back from the 
measurement results thus obtained to the nominal 
frequency of the transformer, the operator obtains the 

15 behavior of the transformer actually occurring during 
the application since the measurement results represent 
the voltages and currents actually occurring on the 
transformer. 

20 In the text which follows, the present invention will 
be explained in greater detail by means of an exemplary 
embodiment and referring to the attached drawing. 

In the sole figure, an equivalent circuit of a 
25 transformer or instrument transformer to be tested is 
shown. 

PI, P2 here designate connecting terminals on the 
primary and SI, S2 designate connecting terminals on 

3 0 the secondary of the instrument transformer. Np and Ns 
designate the primary and secondary number of turns, 
respectively, of the (ideal) instrument transformer and 
Rp and Lp denote the resistance and the leakage 
inductance, respectively, of the primary winding and Ret 

3 5 and Ls denote the resistance and the leakage 
inductance, respectively, of the secondary winding of 
the instrument transformer. Rh corresponds to the 
hysteresis losses of the instrument transformer and 
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Reddy designates the eddy current resistance of the 
instrument transformer for modeling the eddy current 
losses. Lmain designates the main inductance of the 
instrument transformer. The main inductance Lmain ^nd 
5 the hysteresis losses Rh of the instrument transformer 
are modeled with the hysteresis loop of the instrument 
transformer, as will be explained in more detail in the 
text which follows. Zb designates the impedance of the 
load of the instrument transformer at nominal 

10 frequency. Ip designates the current flowing via the 
connecting terminals on the primary and let designates 
the current flowing via the connecting terminals on the 
secondary. The voltage across the connecting terminals 
on the secondary is designated by Vct- Vc denotes the 

15 voltage present across the main inductance of the 
instrument transformer and the current flowing via the 
parallel circuit of Ru, Lmain and Reddy is designated by 
Ic and, according to the figure, is divided into a 
current Ie flowing via the eddy current resistance Reddy 

20 and a current II flowing via the parallel circuit of Rh 
and Lmain. 

When voltages and currents are stated in the text which 
follows, the corresponding instantaneous values are 
25 always meant unless reference is expressly made to the 
rms value by the index "rms" . 

It is known that the so-called interlinked flux v|/ 
depends on the voltage -time integral, that is to say 
30 the voltage integral over time, at the connecting 
terminals on the secondary of the instrument 
transformer. Accordingly, using v|/o as a constant, the 
following applies: 

t 

35 (1) ^^(0= |[Uer(t)-R„-I^^(t)]dt + V^o 
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If only a test signal with a relatively low frequency 
is used for testing the instrument transformer, more or 
less large measurement errors, depending on the type of 
transformer, are produced by the behavior of the 
5 magnetic or iron core of the instrument transformer 
which deviates at the low test frequency. Accordingly, 
only a very inaccurate behavior can be predicted at the 
nominal frequency of the instrument transformer if the 
frequency- dependent behavior of the iron core during a 

10 test of the instrument transformer at low test 
frequency is not taken into consideration. To obtain 
accurate measurement results, therefore, a simulation 
model of the instrument transformer to be tested is 
defined which allows the frequency- dependent behavior 

15 of the instrument transformer to be described with the 
aid of a few parameters. This simulation model is kept 
as simple as possible so that, on the one hand, no 
elaborate measurements are necessary for determining 
these parameters and, on the other hand, the subsequent 

20 calculations for deducing the behavior of the 
instrument transformer during operation at the nominal 
frequency do not require much time. 

The resistance Rp of the primary winding and the 
25 primary leakage inductance Lp do not play a role in 
testing the instrument transformer and, therefore, do 
not need to be measured either. The secondary leakage 
inductance Ls can only be determined with a relatively 
large effort, since, in general, it only plays a 
30 subordinate role for the concluding measurement result, 
it will also be neglected in the text which follows. 

The equivalent circuit of an instrument transformer, 
shown in the sole figure, largely corresponds to a 
35 conventional equivalent circuit. As mentioned above, 
however, in contrast to the conventional equivalent 
circuit, the main inductance Lmain is not simply assumed 
to be a linear inductance with an equivalent iron loss 
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resistance but instead a nonlinear inductance which is 
described with the aid of a frequency-dependent 
hysteresis curve for periodic signals. The iron core of 
the instrument transformer is, therefore, modeled with 
5 the aid of the nonlinear main inductance Lmain which 
describes the nonlinear behavior of the iron core 
without hysteresis (that is to say, lossless) , the 
hysteresis loss resistance Rh which describes the 
hysteresis losses and is also nonlinear, and the linear 

10 eddy current resistance Reddy which takes into 
consideration the eddy current losses in the iron core. 
The nonlinear main inductance Lmain and the hysteresis 
loss resistance Rh are described together with the aid 
of a frequency- independent hysteresis curve. This 

15 hysteresis curve is traced periodically with respect to 
time but the shape does not depend on the rate of 
change and is thus also independent of the shape of the 
curve of the measurement quantities with time. However, 
the hysteresis curve does depend on the drive to the 

20 instrument transformer and is differently shaped 
depending on the signal amplitude. The maximum 
interlinked flux vi/max is used as the relevant parameter. 

The winding resistances Rp and Rg and the leakage 
25 inductances Lp and Lg are described in the equivalent 
circuit shown in the figure as in the conventional or 
traditional equivalent circuit of a transformer. 

Apart from the equivalent circuit of the instrument 
30 transformer to be tested, the figure also shows an 
exemplary embodiment of a test instrument 1 according 
to the invention which, in particular, is constructed 
in the form of a portable test instrument . 

35 The test instrument 1 may include a controllable signal 
source 2, a control unit 3 with a measuring device 4 
and an evaluation and control device 5, a memory 6 for 
storing measurement results and an interface 7 for bi- 
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directional communication with an external device, for 
example an external computer, in order to receive from 
this external device control signals for the automatic 
control of the test sequence performed by the test 
5 instrument 1 or to transmit test or measurement results 
to this external device. 

The control unit 3, which also handles the function of 
a data processing unit, can be constructed in the form 

10 of a controller and/or computer and/or digital signal 
processor. The control unit 3 generates, as a function 
of a predetermined test sequence, control signals for 
the controllable signal source 2 via the control and 
evaluation device 5 in order to apply a test signal of 

15 predetermined frequency and/or voltage to the 
connecting terminals SI, S2 on the secondary of the 
instrument transformer to be tested. Furthermore, the 
test instrument has a number of test inputs, only one 
test input of which is shown by way of example in the 

20 figure, in order to supply test signals, picked up by 
the connecting terminals SI, S2 on the secondary of the 
instrument transformer, to the measuring device 4 of 
the control unit 3 in order to determine by this means 
various frequency- and also voltage- dependent 

25 parameters of the instrument transformer to be tested 
which are subsequently evaluated by the control and 
evaluation device 5 in order to derive from these the 
aforementioned simulation model which enables the 
control and evaluation device to deduce the actual 

30 behavior of the instrument transformer to be tested at 
arbitrary frequencies and loads Zb, particularly also 
at the nominal or operating frequency actually provided 
for the instrument transformer. 

35 The measurement results detected by the measuring 
device 4 and/or the simulation model derived therefrom 
by the control and evaluation device 5 can be 
temporarily stored in the memory 6 for later access. In 
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this manner, the measurement and test results can also 
be filed and logged in the form of a test report and 
output via an output unit (not shown in the drawing) , 
for example, a screen or a printer. The control unit 3 
5 (or, respectively, the control and evaluation device 5 
contained therein) controls the test sequence of the 
instrument transformer, performed by the test 
instrument 1, fully automatically, that is to say, for 
testing the various parameters of the instrument 

10 transformer which form the basis for the simulation 
model, various test signals are automatically applied 
via the controllable signal source 2 to the secondary 
of the instrument transformer to be tested without 
requiring any intermediate intervention by an operator. 

15 The test sequence can be performed in correspondence 
with a stored program code (software) . It is also 
conceivable that - as has already been mentioned - the 
test sequence is controlled via the interface 7 with 
the aid of an external device. The controllable signal 

20 source 2 may be a signal source controlled to a 
predetermined value, which is thus independent of mains 
fluctuations . 

One of the parameters of the instrument transformer 

2 5 which are detected by the measuring device 4 of the 

test instrument 1 for the subsequent determination of 
the simulation model of the instrument transformer, is 
the resistance Ret of the secondary winding of the 
instrument transformer. For this purpose, the 

3 0 controllable signal source 2 is activated in such a 

manner that it applies a direct current to the 
connecting terminals SI, S2 on the secondary. The 
measuring device 4 can then measure the resistance Ret 
of the instrument transformer by detecting the current 
3 5 and the voltage at the connecting terminals on the 
secondary. In principle, due to the skin effect and the 
proximity effect (current displacement) , the resistance 
Ret of the secondary winding during operation of the 
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instrument transformer at the nominal frequency differs 
from the measured resistance value occurring when the 
secondary of the instrument transformer is operated 
with direct current or direct voltage. However, these 
5 differences are generally so small that these effects 
can be neglected. 

Since the modeling of the iron core of the instrument 
transformer is of particular significance for the test 

10 of the instrument transformer, care must be taken that 
the modeling is as precise as possible in this respect. 
The behavior of the iron core of the instrument 
transformer can be described with the aid of the 
hysteresis curve which specifies the behavior between 

15 the magnetic excitation H and the magnetic flux density 
B when the iron core is excited with a periodic signal. 
It is found that the shape of the hysteresis curve 
depends on the frequency of the periodic excitation. 
The reason for this is mainly the eddy currents in the 

20 iron core. Due to the changing magnetic flux density, 
electric eddy fields are produced in the iron core (law 
of induction) which generate eddy currents due to the 
conductivity of the iron. The effect caused by the 
secondary winding of the instrument transformer is 

25 equivalent to an additional winding on the iron core 
which is loaded with a resistance. It is thus possible 
to model the eddy current losses with a linear 
resistance Reddy/ as is also indicated in the figure. To 
determine this resistance Reddy/ the hysteresis losses 

30 and the eddy current losses must first be separated. 

In the iron core, only the total losses can be 
measured. For this purpose, the signal source 2 is 
driven in such a manner that a periodic voltage is 
35 applied to the secondary winding of the instrument 
transformer and the power absorbed by the instrument 
transformer is determined when the primary of the 
instrument transformer is operated as an open circuit. 
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Some of the power absorbed by the instrument 
transformer is lost in the secondary winding of the 
instrument transformer, and the remaining power is lost 
in the iron core. The test signal generated for this 
measurement by the signal source 2 can be, in 
particular, a non- sinusoidal test signal, for example a 
square-wave signal, so that the signal source 2 can 
also be constructed in a particularly inexpensive 
manner as an alternately polarized voltage source. 

The losses are divided into hysteresis losses and eddy 
current losses on the basis of the different behavior 
with respect to the excitation frequency, assuming 
equal maximum flux density. 

The hysteresis losses increase proportionally with the 
frequency whereas the eddy current losses increase as 
the square of the frequency. The total loss Pt, the 
hysteresis loss Ph and the eddy current loss can thus 
be described as a function of the frequency, as 
follows : 

(2) PT(f) = Ph + Pe 
PH(f) = a-f 
PE(f) = p-f' 

A separation of the hysteresis losses and of the eddy 
current losses can be achieved with two measurements at 
different excitation frequencies. Since two 
measurements at a different frequency are performed 
with an identical maximum flux density, the iron losses 
Pi and P2, measured at the two frequencies fi and fs, 
can be calculated as a function of the factors a and 
as follows: 



(3) Pi = a-fi + p-fi^ 
P2 = a-f2 + p-fs' 



The factors a and p can thus be determined as follows: 



(4) 



a = 



fx-f2-(f2-fl) 



P = 



fl-f2-(f2-fl) 
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The eddy current resistance Reddy can then be calculated 
as a function of the excitation frequencies fi and f2, 
the factor p, now known, and the rms values Vcrmsi Vcrms2 
of the voltage Vc at the two measurements with the 
10 frequencies fi and f2, as follows: 



Assuming the same maximum flux in the iron core, the 

15 eddy current losses initially increase with f^ but only 
with f-'-'^ at higher frequencies. The transition from the 
first rule to the second rule depends on the 
conductivity of the material, the magnetic permeability 
and the thickness of the iron laminations of the 

20 instrument transformer. The thickness of the 
laminations of the iron core is always dimensioned in 
such a manner that only little flux displacement occurs 
at the nominal frequency of the instrument transformer 
in order to keep the losses low. The boundary between 

25 the two rules is thus at a frequency which is clearly 
above the nominal frequency of the instrument 
transformer. With the measurements performed here, a 
quadratic relationship between the eddy current losses 
and the frequency can thus be assumed with good 

3 0 accuracy. 

As a further parameter of the instrument transformer to 
be tested, the hysteresis curve of the instrument 
transformer is measured. The hysteresis curve is used 



(5) 



Uc^ rtnsl Uc' rms 2 
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for modeling the hysteresis losses Rh and the main 
inductance Lmain of the instrument transformer. 



To measure the hysteresis curve, the signal source 2 is 
5 driven by the control unit 3 or the control and 
evaluating device 5 contained therein, in such a manner 
that a periodic and possibly again nonsinusoidal test 
signal is applied to the connecting terminals SI, 32 on 
a secondary of the instrument transformer. The 

10 measuring device 4 measures the current and voltage 
values then occurring at the connecting terminals on 
the secondary so that the control and evaluating device 
5 can infer the voltage and current variation, that is 
to say the quantities Vc and II at the main inductance 

15 of the instrument transformer from the current and 
voltage values measured by the measuring device 4 and 
the eddy current resistance previously determined. The 
test signal generated by the signal source 2 may have a 
frequency which is different from the nominal frequency 

20 of the instrument transformer and, in particular, 
distinctly lower. 

Neglecting the leakage inductance of the instrument 
transformer, the voltage Vc and the current II of the 
25 main inductance can be determined from the current and 
voltage values Vet and let measured by the measuring 
device 4 at the connecting terminals on the secondary 
of the instrument transformer and the eddy current 
resistance Reddy previously determined, as follows: 
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(6) Vc = Vet - Rcf let 

Uc 



Il = let 



Reddy 



Using the voltage variation Vc(t) with time, the 
35 interlink flux v(/{t) can be calculated in correspondence 
with the above formula (1) . The constant v|;o is 
determined in such a manner that the mean value of the 
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interlink flux is 0 so that offset correction is 
provided. 



The relationship between the time lL(t) and the 
5 interlink flux \\j (t) is called the hysteresis curve and 
is a parametric representation between the current 
lL(t), which is proportional to the magnetic excitation 
H, and the interlink flux vjy(t) which is proportional to 
the magnetic flux density B, the parameter of this 
10 function representation being time t. Since the eddy 
current losses have already been taken into 
consideration in the current IbCt), this hysteresis 
curve is largely independent of frequency. 

15 The parametric representation obtained in this manner 
can be transformed into a time -independent parametric 
representation if a t ime - independent parameter p is 
introduced: 

20 (7) i|/H{p) = M/(t) 

Ih(p) = lL(t) 
t 

p - ; 

where T is the duration of the period in the 
25 measurement of the hysteresis curve and v|;h is the 
magnetic flux dependent on the time -independent 
parameter p, which is located in the interval [0,1], 
and Ih is the current, dependent on the time- 
independent parameter p, through the main inductance of 
3 0 the instrument transformer. 

Using the above parametric representation, the behavior 
of the iron core can be determined for a particular 
maximum interlink flux vj/^ax/ the behavior being 
35 independent of the variation of the test signal with 
time. It is only assumed that the iron core is 
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periodically excited with the aid of the test signal 
and the same maximum interlink flux \|imax is achieved. 

If it is intended to determine the behavior of the 
5 instrument transformer with different drives, a 
separate hysteresis curve must be determined in each 
case for each drive and the mathematical simulation 
model then applies precisely to this drive. In 
principle, therefore, a complete description of the 
10 instrument transformer requires a family of hysteresis 
curves and each hysteresis curve can be characterized 
with the maximum interlink flux. 

Using the measurement quantities of the instrument 
15 transformer to be tested, measured in the 
aforementioned manner by the measuring device 4 of the 
test instrument 1, a mathematical simulation model of 
the instrument transformer can be formed, the 
parameters of which are the measured measurement 
20 quantities. Using this simulation model, the behavior 
of the instrument transformer with different loading 
and, in particular, with an operating frequency 
deviating from the frequency of the test signal and 
also with an operation of the instrument transformer 
25 with a voltage having a different shape than the test 
signal can be determined. 

In principle, it is possible to precisely determine the 
variation of the interlink flux in the iron core of the 

3 0 instrument transformer if a sinusoidal voltage is given 
at the terminals of the instrument transformer (e.g. 
with harmonic balance) . However, the computing effort 
required for this is relatively high so that the aim is 
a simplified method which will be described in the text 

35 which follows. 

As a starting point for this simplified method, a 
sinusoidal or cosinusoidal variation of the interlink 
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flux at the nominal frequency fw of the instrument 
transformer is used: 

(8) V|/{t) = -V|/max-COS (27rfNt) 

5 

This provides an induced voltage Vc in the secondary 
winding of the instrument transformer as a function of 
the nominal frequency and the maximum interlink flux 

ymax/ as follows: 

10 

(9) Vc = 27ifN'V);niax* sin (27lfNt) 

Thus, the interlink flux \|/(t) can be specified for any 
time t and the parametric representation of the 

15 hysteresis curve can be used for determining the time- 
independent parameter p precisely for this time t in 
order to determine from this the current lL(t) for this 
time (compare the above formulae (1) and (7)). This 
makes it possible to specify the variation of the 

20 current lL(t) with time precisely. 

Using Kirchhoff's rules, the secondary terminal current 
let and the secondary terminal voltage Vet of the 
instrument transformer can be determined on the basis 
25 of the quantities II, Vc and Reddy/ which are now known, 
as follows: 

(10) let = II + 

Reddy 

Vet = Vc + let 'Ret- 

30 

The variation of the terminal voltage Vct(t) with time 
is no longer precisely sinusoidal since the current has 
severe distortions and a voltage proportional thereto 
is dropped across the resistance Ret. In general, the 
35 deviation from the sinusoidal shape is very small since 
the winding resistance of the instrument transformer is 
generally very small. 
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Usually, in the type of test representation designated 
as "CT excitation curve" by the applicant, the 
relationship between the rms value of the current let 
5 and of the voltage Vet on the secondary of the 
instrument transformer is represented with an open 
primary winding. In the case where the voltage V^t does 
not have a sinusoidal variation, a corrected rectified 
value can be used instead of the rms value, the sine- 
10 wave form factor being used as the correction factor: 



15 



20 



(11) U'cT = 



T 

^|u„(t)|dt 



CT = 



|l ... (Representation of the current 

- l'cT(t)dt 

(|T^ as rms value according to the 

lEC 60044-1 standard) 

I'cT = max|l^.^(t)| (Representation of the current 

as a peak value according to 
the lEC 60044-6 standard) 

Vet' and let' designate the respective corrected value 
of the terminal voltage on the secondary and the 
terminal current in the secondary. Using the measure 
described above, the same maximum flux can be 
essentially achieved independently of the shape of the 
curve . 



Thus, it is possible to obtain in each case one point 
on this CT (current transformer) excitation curve from 
25 one hysteresis curve. A correspondingly large number of 
hysteresis curves must be determined to obtain the 
complete excitation curve. 



30 



Finally, it should be pointed out that the calculation 
methods specified above are only intended as examples 
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and, in particular, a refinement of these calculation 
methods is also possible. 
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